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ONR  Contract  No.  N00014-83-K-0180 
(Contract  Period:  Feb.  1,  1983  -  May  31,  1986) 
(Investigation  of  the  Transverse-Discharge  Copper-Vapor  Laser) 


I.  Summary  of  Work 


Under  the  Contract,  we  have  successfully  developed  a  dependable  testbed 
for  transverse-discharge  copper-vapor  laser  (TD-CVL).  The  TD-CVL  system  was 
constructed  using  a  double  flat-plate  Blumlein  pulse-forming  circuit  (PFC).  The 
key  feature  of  the  system  is  in  the  design  of  the  transverse-discharge  laser  cavity 
that  can  be  coupled  to  the  low  inductance  pulse-forming  circuit  and  can  still  be 
operated  at  high  temperatures  of  up  to  1800  *C.  A  schematic  cross-sectional  view 
of  the  TD-CVL  is  shown  in  Fig.  1.  A  detailed  description  of  the  system  is 
included  in  the  published  papers  [1-12]. 


The  TD-CVL  system  can  be  operated  in  a  wide  range  of  parameters. 
Extensive  parametric  studies  were  carried  out  to  characterize  the  TD-CVL  system 
within  the  capabilities  of  the  equipment  used  in  the  testing.  We  summarize  the 
results  of  the  studies  in  the  following. 


The  excited  volume  of  the  laser  cavity  was  0.6x1x20  cm3,  the  active  zone 
being  approximately  20  cm  long.  The  laser  cavity  was  110  cm  long  consisting  of  a 
99.5%  reflecting  flat  mirror  and  an  8%  reflecting  flat  glass  window  of  the  laser 
which  was  used  as  the  output  coupler.  The  storage  capacitance  was  roughly  25  nF 
and  it  was  usually  charged  to  3-10  kV.  The  peaking  capacitance  was 
approximately  11  nF.  A  hydrogen  thyratron  (EG&G  HY  3001)  was  used  for 
triggering  the  switch  of  the  Blumlein  PFC.  For  parametric  studies  and  due  to  the 
limitations  of  the  power  supply  available,  the  laser  was  operated  in  a  single  shot 
made  or  at  a  low  repetition  rate  (<  1 0  Hz). 


Oscilloscope  traces  of  typical  voltage  and  current  pulses  are  shown  in  Fig. 
2(a).  The  breakdown  voltage  in  the  laser  cavity  was  in  the  range  of  3-5  kV, 
indicating  that  there  was  a  considerable  loss  of  electrical  energy  in  the  discharge 
circuit.  We  did  not  attempt  to  optimize  the  laser  operation  in  this  work.  The  rise 
time  of  the  discharge  current  pulse  is  approximately  8  ns  and  the  peak  current 
occurs  in  the  middle  of  the  way  of  the  voltage  breakdown  as  expected. 


A  typical  green  laser  pulse  is  shown  in  Fig.  2(b)  with  the  current  pulse  as  a 
time  reference.  The  laser  pulse  starts  near  the  peak  of  the  current  pulse  and  has  a 
full  width  at  half  maximum  of  8  ns  measured  with  a  Hamamatsu  biplanar 
phototube  (R1193U).  The  yellow  laser  pulse  appears  approximately  10  ns  behind 
the  green  laser. 


The  total  laser  energy  was  measured  with  a  Molectron  J3-05  joulemeter. 
Fig.  3  shows  the  total  laser  energy  output  per  pulse  versus  temperature.  The  laser 
energy  almost  linearly  increases  from  1350  until  1650  *C.  This  is  in  striking 
contrast  to  the  temperature  dependence  of  conventional  CVLs.  The  laser  energy 
output  of  conventional  CVLs  peaks  at  1450  *C.  Also,  the  maximum  specific  laser 
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energy  density  obtained  in  the  TD-CVL  is  roughly  50  pj/cms,  which  is  an  order  of 
magnitude  higher  than  that  achieved  with  conventional  CVLs.  Owing  to  the 
limitation  of  the  maximum  temperature  allowed  for  the  alumina  tube  that  was 
used  for  the  laser  cavity,  it  was  not  prudent  to  increase  the  temperature  beyond 
1650  ‘C  inside  the  active  zone. 

Fig.  4  shows  the  laser  output  versus  the  neon  buffer  gas  pressure  at  two 
different  temperatures,  1540  and  1630  °C,  respectively.  The  high  electric  field 
and  number  density  ratio  (E/N)  in  transverse  discharge  allows  laser  operation  at 
the  buffer  gas  pressure  above  the  atmospheric  pressure.  The  capability  of  the  TD- 
CVL  to  operate  in  pressures  above  the  atmospheric  pressure  provides  another 
important  advantage  over  conventional  CVLs.  The  high  pressure  of  the  buffer  gas 
in  the  TD-CVL  makes  it  possible  to  retain  copper  vapor  for  a  long  period  of  time 
and  to  operate  the  laser  in  a  sealed  system.  This  is  important  for  practical 
applications. 

Work  is  in  progress  to  improve  the  present  system  and  to  construct  another 
TD-CVL  system  with  many  improved  features. 

In  summary,  we  have  developed  a  transverse-discharge  copper-vapor  laser 
which  can  be  operated  in  a  steady  state  mode.  This  system  generates  a  specific 
laser  energy  density  of  50  ^J/cm5  which  is  an  order  of  magnitude  higher  than 
that  achieved  with  conventional  CVLs.  The  TD-CVL  can  be  also  operated  at  high 
buffer  gas  pressures,  making  it  possible  to  operate  it  in  a  self-heated  steady  state 
mode.  The  TD-CVL  holds  promise  to  be  the  next  generation  of  CVLs. 
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